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(54) INK JET RECORDING HEAD 

(57)Abstract 

PROBLEM TO BE SOLVED: To realize high quality high speed 
recording by manufacturing a long recording head, in which the 
width of nozzle hole array is limited in the main scanning direction, 
with high yield. 

SOLUTION: The ink jet recording head records scanning lines at a 
pitch PS by arranging a plurality of arrays of linear recording head 
modules, each having n nozzle holes arranged in row at a nozzle 
pitch P0, on a recording sheet. Width t of the linear recording head 
module is set to satisfy a relation (n-1)A/2<t<nA (where, A=PS/P0 
(P02-PS2)1/2, and the nozzle arrays of the linear recording head 
module are arranged continuously at an interval nPS in the direction 
perpendicular to the main scanning direction while inclining by an 
angle G=sin-1(PS/P0) against the main scanning direction. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translat d by computer. So the translation may not r fleet the original pr cisely. 
2.**** shows the word which can not b translat d. 
3Jn the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the ink-jet recording head which a hole is arranged to a seriate in the nozzle pitch Po, and the width of 
face of this nozzle train and the right-angled direction carries out two or more trains arrangement of the linear 
recording head module oft, and records the scanning line of the scanning pitch Ps on a record form n nozzles — 
Width of face t of the aforementioned linear recording head module is made into A (n-1) / 2<t<=nA. And while 
leaning the nozzle train of the aforementioned linear recording head module to theta=Sin -1 (Ps/Po) and arranging it 
to the main scanning direction used as a recording head and the relative-displacement direction of a record form 
The ink-jet recording head characterized by arranging two or more these linear recording head modules at intervals 
of nPs in the direction perpendicular to the aforementioned main scanning direction. However, n is taken as the 
natural number and A=Ps/Po (Po2-Ps2) 1/2. 

[Claim 2] a nozzle — the ink pressurized room which uses a hole as an opening edge The ink incurrent pore which 
leads ink to this ink pressurized room The manifold which supplies ink to this ink incurrent pore the ink-jet recording 
head equipped with the above — it is — the above — the width of face t of an imagination linear recording head 
module — A (n-1) / 2<t<=nA — carrying out — and the above — while leaning the nozzle train of an imagination 
linear recording head module to theta=Sin -1 (Ps/Po) and arranging it to the main scanning direction used as a 
recording head and the relative-displacement direction of a record form, it is characterized by arranging two or more 
these linear recording head modules at intervals of nPs in the direction perpendicular to the aforementioned main 
scanning direction However, n is taken as the natural number and A=Ps/Po (Po2-Ps2) 1/2. 
[Claim 3] The ink-jet recording head characterized by setting the aforementioned nozzle pitch Po to Po=Ps/Po 
{(k2+1 )Ph2}1/2 in an ink-jet recording head according to claim 1 or 2. However, k is the natural number and Ph is 
th predetermined value of the record dot pitch to main scanning direction. 

[Claim 4] The ink-jet recording head characterized by setting the module width of face t of the aforementioned 
recording head, and angle-of-inclination theta as the value decided as Ps=Pr, arranging them at intervals of nPr in 
the direction perpendicular to the aforementioned main scanning direction, and making them into the shape of a lin 
in an ink-jet recording head according to claim 1 or 2 when the record dot density to a record form is Pr. [ two or 
mor ] 
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DETAILED DESCRIPTION 



[D tailed Description of the Invention] 
[0001] 

[Industrial Application] About the recording head of an ink-jet recording device, especially this invention is one 
relative scan to a record form, and relates to the long ink-jet recording head in which latus band-like record of width 
of face is possible. 
[0002] 

[D scription of the Prior Art] In the serial scan type ink-jet recording device for continuation papers by the 
conventional technology In the longitudinal direction (form cross direction) which intersects the continuation 
direction (the direction of vertical scanning) of a continuation record form (henceforth. continuation paper)The .. 
band-like picture for a party which moves a recording head (main scanning direction) and consists of two or more 
horizontal-scanning lines is recorded injecting ink. after that, the specified quantity ejection of the recording paper 
is carried out in the direction of vertical scanning, it is followed, horizontal scanning of the band-like picture of the 
following line is carried out, and it is recorded. And a picture is recorded by repeating this horizontal scanning and 
vertical scanning. 

[0003] the number of the horizontal-scanning lines of band-like record recordable on per horizontal scanning of a 
r cording head in order to gather recording rate in such a serial scan type ink-jet recording device — it is 
n cessary to increase — this sake — many nozzles — the long recording head which has arranged the nozzle cell 
containing a hole is used 

[0004] furthermore, the case of a high-speed ink-jet recording device — the nozzle for the number of scanning 
lines required for record to the limit of the cross direction of continuation paper — the line recording head of the 
long picture which has arranged the nozzle cell which has a hole is used 

[0005] Although there is the method of forming many nozzle cells at once in the shape of a line as a method of 
r alizing such a long recording head, generally by this method, the yield of manufacture is bad. Moreover, when som 
in which at least one ink regurgitation property differs are in many nozzle cells, possibility that the record dot by this 
will cause degradation of printing quality notably is high. 

[0006] Then, as a method of realizing other long recording heads, there is the method of putting in order and 
combining the short length good recording head module of the manufacture yield. The long recording head by this 
m thod is indicated by JP.03-5992.B. 
[0007] 

[Problem(s) to be Solved by the Invention] Since the method of putting in order two or more modules of the short 
I ngth recording head mentioned above, and combining them raised the manufacture yield, although cost reduction 
was possible for it, it had the following troubles. 

[0008] namely, the conventional composition (left figure) of drawing 4 — setting — the nozzle to the direction of 
vertical scanning of a recording head — in order to realize the continuity of a hole, the sub recording head module S 
which arranged two or more recording head modules 1 crosswise [ of a recording head 510 ] is made into one group, 
and the method which detaches this more than the width of face, and arranges it by turns alternately is adopted Of 
course, although it is possible to carry out alternate arrangement separately for every recording head module, 
r cord resolution of the recording head module 1 can be desired only less than [ a nozzle pitch, equivalent, or it ] in 
this case. Therefore, in order to make printing density into high resolution, the method of forming the sub recording 
head module S as shown in drawing 4, and arranging this alternately is common. 

[0009] however — the alternate array of such a sub recording head module S — the width of face (Lj) of the main 
scanning direction of a recording head 510 — a mounting top — large — not becoming — not obtaining — thereby 

— the nozzle of main scanning direction — the array width of face of a hole will also become large Therefore, th 
problem that variation arises in the landing position of a record dot position depending on change of the relative- 
displacement speed of continuation paper and a recording head 510 occurs, in order to obtain the recording head 
510 of high resolution sp cially — the r cording h ad module 1 — a large number — combining — th sub 
recording head module S — it is n c ssary to mak — this — the width of face of the sub r c rding head modul S 

— large — from a bird clapp r — final — the array width of fac (Lj) f main scanning dir ction — larg — 

b coming — th nozzl of main scanning dir ction — since th array interval of a hoi also b com s larg . th 
variation in the landing position of a record dot will become still more s rious 

[0010] moreov r, the nozzl mention d abov — th latus recording head of the array width f face of a hoi has a 
problem ther than the problem of landing p sition variation also about r cording rate Esp cially, by th s rial scan 
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typ printer, it is serious, 

[001 1] riam ly, the cas wher predetermined r cord paper width is recorded with a serial scan type ink jet printer - 
specially — the nozzle of main scanning direction — in order for the array width of fac of a hoi to print xactly 
to-th ends of record paper width by the large recording h ad, it is becaus it is nec ssary to carry out horizontal 
scanning too many by the array width of fac 

[0012] th plac which this inv ntion solv s the conv ntional abov troubles and is made into the purpos — the 

nozzle to main scanning dir ction — the long r cording head which pr ssed down th array spr ad of a hole is 

r alized, and it is in the thing with possible high quality and high-speed record for which a recording head is offered 

with the sufficient manufacture yield 

[0013] 

[Means for Solving the Problem] In order to solve the above-mentioned technical problem, it sets to this invention. 
In the ink-jet recording head which a hole is arranged to a seriate in the nozzle pitch Po, and the width of face of 
this nozzle train and the right-angled direction carries out two or more trains arrangement of the linear recording 
head module of t, and records the scanning line of the scanning pitch Ps on a record form n nozzles — Width of 
face t of the aforementioned linear recording head module is made into A (n-1) / 2<t<=nA. And while leaning the 
nozzle train of the aforementioned linear recording head module to theta=Sin -1 (Ps/Po) and arranging it to the 
main scanning direction used as a recording head and the relative-displacement direction of a record form Two or 
more these linear recording head modules have been arranged at intervals of nPs in the direction perpendicular to 
the aforementioned main scanning direction. In addition, n is the natural number and A=Ps/Po (Po2-Ps2) 1/2 her . 
[0014] Or in order to solve the above-mentioned technical problem, it sets to this invention, a nozzle — with the ink 
pressurized room which uses a hole as an opening edge, and the ink incurrent pore which leads ink to this ink 
pressurized room A nozzle cell equipped with the manifold which supplies ink to this ink incurrent pore is arranged" 
to n seriates in the nozzle pitch Po. In the ink-jet recording head which carries out two or more trains arrangement 
of this nozzle cell train as an imagination linear recording head module, and records the scanning line of the scanning 
pitch Ps on a record form Width of face t of an imagination linear recording head module is made into A (n-1) / 
2<t<=nA. the above — and the above, while leaning the nozzle train of an imagination linear recording head module 
to theta=Sin -1 (Ps/Po) and arranging it to the main scanning direction used as a recording head and the relative- 
displacement direction of a record form Two or more these linear recording head modules have been arranged at 
intervals of ns in the direction perpendicular to the aforementioned main scanning direction. 

[0015] In addition, in the recording head of one of the above, the aforementioned nozzle pitch Po is preferably set to 
Po=Ps/Po{(k2+1 )Ph2}1/2. However, k is the natural number and Ph is the predetermined value of the record dot 
pitch to main scanning direction. 

[0016] Furthermore, when the record dot density to a record form is Pr, it is good to set the module width of face t 
of the aforementioned recording head and angle-of-inclination theta as the value decided as Ps=Pr, to arrange more 
than one at intervals of nPr in the direction perpendicular to the aforementioned main scanning direction, and to 
consider as the shape of a line. 
[0017] 

[Embodiments of the Invention] Hereafter, an example of this invention is explained, referring to a drawing. 
[0018] Drawing 1 is the perspective diagram of the ink-jet recording head by this invention, and is drawing which 
turned up the field which counters record space and is arranged, and carried out the tropia. 

[0019] This recording head is equipped with the frame 2 which puts in order and holds two or more linear recording 
head module 1 and two or more of these recording head modules 1 by the position relation, two or more linear 
r cording head modules 1 — respectively — the same structure — it is — n nozzles — it has the nozzle train 100 
which has arranged the hole to the seriate in the nozzle pitch Po 

[0020] the elements on larger scale for three trains of the linear recording head module 1 with which drawing 2 has 
b en arranged at the frame 2 — it is — a nozzle — a hole — it is the plan seen from the arrangement side 
[0021] the linear recording head module 1 — a nozzle — it consists of n nozzle cells 150 which use a hole 10 as 
op ning this nozzle cell 150 — a nozzle — it has the ink pressurized room 20 which uses a hole 10 as an opening 
edg , the ink incurrent pore 30 which leads ink to this ink pressurized room 20, and the manifold 40 which supplies 
ink to this ink incurrent pore 30 Moreover, driver elements (not shown), such as a piezoelectric device to which the 
volume of the ink pressurized room 20 is changed according to impression of a record signal, are attached in the ink 
pr ssurized room 20. In addition, each component is arranged and constituted in three dimensions to the 
p rpendicular direction of a drawing. Moreover, the structure of each nozzle cell is the same. 
[0022] The operation of each nozzle cell is as follows. 

[0023] for example, the time of record — a nozzle — when carrying out the regurgitation of the ink from hole 10a, 
th volume of ink pressurized-room 20a is made to increase by the driver element which is not illustrated first 
Thereby, the ink in manifold 40a supplied along with Arrow A flows into ink pressurized-room 20a through ink 
incurrent por 30a. Then, the volum of ink pressurized-room 20a d creases by th driv r lament, thereby — th 
ink in ink pressuriz d-room 20a — a nozzl — a hole — 10a — going — th direction of Arrow B — flowing — a 
nozzl — ink is breathed out from hoi 10a ** arrival of this r gurgitation ink will be carri d out on a record form in 
the process relativ ly scann d to a r cord form in a r cording h ad, and it will form a r cord pictur . 
[0024] Drawing 3 is xplanat ry drawing which is attached to th size of the lin ar recording head module of a 
recording h ad and arrangement by this invention, and is sh wn. 

[0025] the linear r cording head m dul 1 — width of fac — t — it is — n nozzl s (they are six piec s when it is 
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drawing 3 ) — the hole 10 is arrang d in Pitch Po And width of face t is set up as follows. In addition, xplanation of 
derivation of this 'formula is mentioned later. 
[0026] 
[Equation 1] 



Furthermore, the nozzle train array direction leans only an angle theta to main scanning direction, and this linear 
recording head module 1 is arranged. This angle of inclination is theta=Sin -1 (Ps/Po). Here, Ps is the pitch 
(resolution) of the scanning line printed by one horizontal scanning of a recording head. Moreover, the linear 
recording head module 1 which leans in this way and is arranged is put in order at intervals of nPs in N pieces and 
the direction of vertical scanning. 

[0027] according to this invention recording head mentioned above — each nozzle — the scanning line of Pitch Ps 
is r cordable in the regurgitation ink from a hole The recording width is about Nx (nxPs), and can realize y **** and 
a long recording head to increase the number N of arrays of the linear recording head module 1. Thus, in this 
recording head, since a long recording head can be constituted from a good small linear recording head module of 
the manufacture yield with a comparatively small nozzle cell, it is realizable with the yield sufficient on the whole. 
[0028] Drawing 4 compares and shows a recording head conventionally which was constituted by putting the linear 
recording head module 1 in order by the conventional method in order to enable record of the scanning pitch Ps as 
well as the recording head by this invention, and this. In addition, all of the size of the head of the conventional Lilia 
r cording head module 1 and the linear recording head module 1 of this invention, the property of the ink 
r gurgitation, etc. are the same. 

[0029] In drawing, the recording head sub module S put in order while shifting the recording head module 1 to main 
scanning direction at four pieces and main scanning direction, in order to realize the scanning pitch Ps is 
conventionally composed of the recording head by composition, and the nozzle to the longitudinal direction of a 
r cording head — the structure which detached the recording head sub module S crosswise [ of a recording head ] 
(main scanning direction) more than the width of face of a recording head sub module, and has arranged it by turns 
alternately crosswise in order to realize the continuity of a hole — becoming — **** — the nozzle of main 
scanning direction — the array width of face Lj of a hole is large 

[0030] on the other hand, the recording head by the composition of this invention — setting — the nozzle of main 
scanning direction — the array width of face Lh of a hole — the former — the nozzle of the main scanning direction 
of the recording head of composition — the array width of face Lj of a hole — narrow — a maximum of — it can be 
shortened to about about 1 / 2 

[0031] Here, the derivation method of the upper limit of the width of face t of the recording head module 1 and a 
minimum is explained. 

[0032] First, in drawing 3 , since a triangle A and a triangle B are right triangles of the similarity which has an acut 
angl theta, it becomes t1-/T1=y/Po. Therefore, it becomes T1=t1xPo/y (formula 1). On the other hand, since a 
triangle B is similarity, the right triangle C which has an acute angle theta serves as t2-/T2=y/Po, and T2=t2xPo/y 
(formula 2) is calculated. 

[0033] the nozzle which is in a homotopic in the direction of vertical scanning of the adjoining recording head 
module 1 here — if the distance between holes is nPs and this distance is smaller than T1+T2 of drawing 3 , sine 
each recording head module will adjoin and will be arranged, it is set to T1+T2 <=nPs (formula 3) moreover — and 
(formula 1) (formula 2) since it becomes T1+T2=(t1+t2) xPo/y=txPo/y, if this is introduced into (a formula 3), 
txPo/y<=nPs (formula 4) will be calculated 

[0034] Therefore, t becomes as follows. In addition, it is y=(Po2-Ps2) 1/2. 

[0035] 

[Equation 2] 



on the other hand, it is shown in drawing 4 — as — the conventional composition — setting — the recording head 
sub module S — the nozzle of the recording head module 1 — a hole — to the distance Po of a between, the 
Po/Ps individual array is carried out so that it may become the scanning pitch Ps Moreover, if distance with another 
recording head sub module S by which contiguity arrang m nt is carried out alt mat ly is set to t for conv nience, 
full [ of the r cording h ad of composition / Lj ] will serve as 2xPo/Psxt (formula 5) conv ntionally. 
[0036] On the oth r hand, in the recording h ad of this inv ntion, full [ th / Lh ] is 1 (Po(n-1)2-Ps2)/2. Sine the 
composition of this invention becom s advantag ous when full [ this / Lj ] is larger than full [ of th r cording h ad 
of th c mposition of this invention / Lh ]. it is set to 2xPo/Psxt>(n~1) (P 2-Ps2) 1/2. and. finally b com s as 
follows. 



(n-l)— <t£nA 




t g n — y = n — VPo 2 - Ps 2 



Po Po 



[0037] 
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[Equation 3] 

n - 1 Ps ■ /—j — — 2" 

t> VPo 2 - Ps 

2 Po 

And th upper limit and minimum of width of fac t of th recording head module 1 consist of [several 2] and 
[s veral 3] as follows. 
[0038] 
[Equation 4] 

2 Fo Po 



(n - 1)— < t £ riA £ Z o 

2 

That is, by t=nA, this rate of shortening serves as the maximum, and serves as Lh=Lj in t=(n-1) A/2. 
[0039] In addition, it is a book, even if it is at the time of 1= 0, although distance I between the recording head 
modules S which acjjoin between the recording head sub modules S was made equal to the width of face t of the 
h ad module 1 in above-mentioned explanation. 

[0040] thus — according to the recording head of this invention — the nozzle to main scanning direction — the 
array width of face of a hole can realize a narrow recording head, and can mitigate the problem of the landing 
position variation of the ink drop accompanying speed change of horizontal scanning moreover — application to the 
printer of especially a serial scan type — a nozzle — since it becomes unnecessary to scan only the decrement of 
the array width of face of a hole too many, improvement in substantial recording rate is possible 
[0041] in order to make explanatory drawing intelligible in the above example — the nozzle of a recording head 
module — as for this value, the ratio of six pieces, and Po and Ps does not limit this invention, although the hole 
described the case where it was 4:1 

[0042] drawing 5 — for example, the nozzle of the recording head module 1 — a hole — n — 64 pieces — it is — a 
nozzle — a hole — about 9.594 degrees theta is leaned for the recording head module which is 5mm, and pitch 
Po=6 / 300 inches, and thickness t are the examples which put two or more these recording head mho joules 1 in 
order, and can record a horizontal-scanning line by Ps=1 / 300 inches That is, although record of 300dpi is possible 
and it can be used also as an object for serial scan type printers by one horizontal scanning, when the record dot 
density Pr to a record form is 300dpi, it becomes suitable as a recording head for high speed line printers with 
constituting the long line recording head of record form width of face. 

[0043] moreover, a nozzle — a hole — when recording on main scanning direction by the record dot density of 
300dpi by carrying out Pitch Po as the following formula, in case a dot is arranged and recorded in the direction of 
vertical scanning, the drive timing of the nozzle cell 150 shown in drawing 2 can be arranged, and it is also possibl 
to simplify a drive timing circuit In addition, it is the value k is decided here and it is decided with the predetermined 
value of the record dot pitch to main scanning direction that the natural number and Ph will be, and, in the case of 
k= 6, Ph=1 / 300 inches, sets up at about 0.515mm. 
[0044] 
[Equation 5] 



Po = V(k 2 + l)Ph' 



Although drawing 6 is using the same recording head module as drawing 5 , it is the example of the recording head 
the scanning pitch Ps was made to correspond to 2/300 by leaning inclination theta of a recording head module to 
19.47 degrees. By using this recording head and constituting the serial printer of 300dpi, printing by interlace 
scanning is attained and it becomes possible to attain improvement in quality of image. 

[0045] That is, in performing interlace scanning which set up the scanning pitch Ps by m times the record dot 
density Pr, it becomes possible by making inclination theta of a recording head module into theta=Sin -1 (mPr/Po). 
However, m is the two or more natural numbers. 

[0046] Drawing 7 and drawing 8 show other examples of the recording head of this invention. 

[0047] the nozzle train 110 — the example of drawing 1 and drawing 2 — like — each recording head module 1 — 
v ry module — perf ct — not s parating — for xampl , th long orifice 210 of one sh et — a nozzl — th hole 
11 and the nozzl train 110 ar form d Furthermore, package formation also of th ink pressurized room 120 or the 
manifold 140 is carried ut not by th configurati n of modul but by the laminating of a long board by which 
patt rning was carri d ut, and this long laminat 220 is stuck on the orific plat 210 bottom. On the th r hand, 
the driver lement which chang s the volum of th ink pr ssurized room 120 according to a record signal is 
constituted as a driver-elem nt modul 300 every n zzle train 110. and is put in order and stuck on th long 
laminat 220. 
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[0048] although th yield will b com bad sp cially if this xample constitutes a driver- lement modul in a long 
pictur — a nozzte — a hole tc. is suitable for them, when there is no problem in a manufacture top, specially the 
yield, ven if it forms other function parts in a long picture 

[0049] mor over — a high-definition r cord sake — a nozzle — although the array pr cision f a hoi is required — 
this xample — one board — etching, press punching or laser beam machining, el ctro foaming, tc. highly 
precis — a nozzle — it may be more advantag ous than the composition which includes th recording head 
module 1 mention d above in a fram at the point which can form a hoi on manufacture 

[0050] In addition, in the example of drawing 7 and drawing 8 , although only the driver element was made into the 
configuration of module, if it does not stop at this driver element but creates to a long picture among the 
components of a recording head, the yield is carrying out the configuration of module only of the component which 
becomes bad, and carrying out package composition of others, and can manufacture a recording head good without 
th yield. 

[0051] In the above example, when the modularization of any of the nozzle components they are was carried out, it 
attached and stated. The recording head of drawing 9 and drawing 10 explained below shows an example in case 
there are no worries about the yield, when a nozzle component can be created with the sufficient yield by the long 
picture, namely, even if it does not consider as the configuration of module. 

[0052] the nozzle which is a nozzle component — the laminating of the long laminate 220 in which the orifice plate 
210, the ink pressurized room 120, and manifold 140 of the long picture which has arranged the hole were formed, 
and the long driver-element accumulation board 310 is carried out, and a long recording head is constituted 
[0053] the composition of this example — the above-mentioned composition — ** — if it checks — n nozzles — 
th nozzle cell 150 which uses a hole 11 as opening can find out the linear recording head module 400 of the 
imagination arranged in the nozzle pitch Po at the seriate To this virtual linear recording head module 400, the width 
of face t of the linear recording head module stated in the precedent and by inclining and applying theta and two or 
mor configuration methods to a longitudinal direction, it is possible to press down narrowly the nozzle configuration 
width of face to main scanning direction, and the technical problem of this invention can be attained. 
[0054] Although the above explanation described the case where nozzle **** of a linear recording head module was 
formed on the straight line at the single tier, if it may be arranged in predetermined width of face along with the 
straight line at the seriate for the recording characteristic improvement, the improvement on manufacture, etc., it is 
possible to attain the technical problem of this invention. 

[0055] Moreover, in each above-mentioned example, although explained using an ink-jet recording method as a 
r cording method, it does not remain in an ink-jet recording method, but can apply also to the recording head of 
oth r recording methods which put in order and record many record cells, such as thermal recording and a wire dot 
recording method. 
[0056] 

[Effect of the Invention] according to this invention — the nozzle to main scanning direction — the recording head 
of a long picture with the narrow array width of face of a hole can be realized with the sufficient manufacture yield, 
the problem of the ink particle landing position variation accompanying speed change of horizontal scanning can b 
mitigated, and high-definition record is attained moreover — the case where it applies to a serial scan type printer - 
- a nozzle — since it becomes unnecessary to scan only the decrement of the array width of face of a hole too 
many, improvement in substantial recording rate is also possible 
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TECHNICAL FIELD 



[Industrial Application] About the recording head of an ink-jet recording device, especially this invention is one 
relative scan to a record form, and relates to the long ink-jet recording head in which the band-like record with wide 
width of face is possible. 
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PRIOR ART 



[Description of the Prior Art] With the serial scan type ink-jet recording device for continuation papers by the 
conventional technology Injecting ink, the band-like picture for a party which moves a recording head (main scanning 
dir ction) and consists of two or more horizontal-scanning lines is recorded, after that, the specified quantity 
ejection of the recording paper is carried out in the direction of vertical scanning, it is followed, horizontal scanning 
of the band-like picture of the following line is carried out to the longitudinal direction (form cross direction) which 
intersects the continuation direction (the direction of vertical scanning) of a continuation record form (henceforth 
continuation paper), and it is recorded on it. And a picture is recorded by repeating this horizontal scanning and 
vertical scanning. 

[0003] the number of the horizontal-scanning lines of band-like record recordable on per .horizontal scanning, of a- 
recording head in order to gather recording rate in such a serial scan type ink-jet recording device — it is 
necessary to increase — this sake — many nozzles — the long recording head which has arranged the nozzle cell 
containing a hole is used 

[0004] furthermore, the case of a high-speed ink-jet recording device — the nozzle for the number of scanning 
lines required for record to the limit of the cross direction of continuation paper — the line recording head of the 
long picture which has arranged the nozzle cell which has a hole is used 

[0005] Although there is the method of forming many nozzle cells at once in the shape of a line as a method of 
realizing such a long recording head, generally by this method, the yield of manufacture is bad. Moreover, when some 
in which at least one ink **** property differs are in many nozzle cells, possibility that the record dot by this will 
cause degradation of printing quality notably is high. 

[0006] Then, as a method of realizing other long recording heads, there is the method of putting in order and 
combining the short length good recording head module of the manufacture yield. The long recording head by this 
method is indicated by JP.03-5992,B. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] according to this invention — the nozzle to main scanning direction — the recording head 
of a long picture with the narrow array width of face of a hole can be realized with the sufficient manufacture yield, 
the problem of the ink particle landing position variation accompanying speed change of horizontal scanning can b 
mitigated, and high-definition record is attained moreover — the case where it applies to a serial scan type printer 
- a nozzle — since it becomes unnecessary to scan only the decrement of the array width of face of a hole too 
many, improvement in substantial recording rate is also possible 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] Since the method of putting in order two or more modules of the short 
length recording head mentioned above, and combining them raised the manufacture yield, although cost reduction 
was possible for it, it had the following troubles. 

[0008] namely, the conventional composition (left figure) of drawing 4 — setting — the nozzle to the direction of 
v rtical scanning of a recording head — in order to realize the continuity of a hole, the sub recording head module S 
which arranged two or more recording head modules 1 crosswise [ of a recording head 510 ] is made into one group, 
and the method which detaches this more than the width of face, and arranges it by turns alternately is adopted Of 
course, although it is possible to carry out alternate arrangement separately for every recording head module, 
record resolution of the recording head module 1 can be desired only less than [ a.nozzle pitch, equivalent, or it.] in v 
this case. Therefore, in order to make printing density into high resolution, the method of forming the sub recording 
head module S as shown in drawing 4, and arranging this alternately is common. 

[0009] however — the alternate array of such a sub recording head module S — the width of face (Lj) of the main 
scanning direction of a recording head 510 — a mounting top — large — not becoming — not obtaining — thereby 

— the nozzle of main scanning direction — the array width of face of a hole will also become large Therefore, the 
problem that variation arises in the landing position of a record dot position depending on change of the relative- 
displacement speed of continuation paper and a recording head 510 occurs, in order to obtain the recording head 
510 of high resolution especially — the recording head module 1 — a large number — combining — the sub 

r cording head module S — it is necessary to make — this — the width of face of the sub recording head module S 

— large — from a bird clapper — final — the array width of face (Lj) of main scanning direction — large — 

b coming — the nozzle of main scanning direction — since the array interval of a hole also becomes large, the 
variation in the landing position of a record dot will become still more serious 

[0010] moreover, the nozzle mentioned above — the latus recording head of the array width of face of a hole has a 
problem other than the problem of landing position variation also about recording rate Especially, by the serial scan 
typ printer, it is serious. 

[0011] namely, the case where predetermined record paper width is recorded with a serial scan type ink jet printer - 

— especially — the nozzle of main scanning direction — in order for the array width of face of a hole to print exactly 
to the ends of record paper width by the large recording head, it is because it is necessary to carry out horizontal 
scanning too many by the array width of face 

[0012] the place which this invention solves the conventional above troubles and is made into the purpose — the 
nozzle to main scanning direction — the long recording head which pressed down the array spread of a hole is 
r alized, and it is in the thing with possible high quality and high-speed record for which a recording head is offered 
with the sufficient manufacture yield 
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MEANS 



[M ans for Solving the Problem] In order to solve the above-mentioned technical problem, it sets to this invention. 
In the ink-jet recording head which a hole is arranged to a seriate in the nozzle pitch Po, and the width of face of 
this nozzle train and the right-angled direction carries out two or more trains arrangement of the linear recording 
head module oft and records the scanning line of the scanning pitch Ps on a record form n nozzles — Width of 
face t of the aforementioned linear recording head module is made into A (n-1) / 2<t<=nA. And while leaning the 
nozzle train of the aforementioned linear recording head module to theta=Sin -1 (Ps/Po) and arranging it to the 
main scanning direction used as a recording head and the relative-displacement direction of a record form Two or 
mor these linear recording head modules have been arranged at intervals of nPs in the direction perpendicular to 

the aforementioned main scanning direction. In addition, n is the natural .number.and A=Ps/Po (Po2-Ps2) J/2, here. 

[0014] Or in order to solve the above-mentioned technical problem, it sets to this invention, a nozzle — with the ink 
pressurized room which uses a hole as an opening edge, and the ink incurrent pore which leads ink to this ink 
pressurized room A nozzle cell equipped with the manifold which supplies ink to this ink incurrent pore is arranged 
to n senates in the nozzle pitch Po. In the ink-jet recording head which carries out two or more trains arrangement 
of this nozzle cell train as an imagination linear recording head module, and records the scanning line of the scanning 
pitch Ps on a record form Width of face t of an imagination linear recording head module is made into A (n-1) / 
2<t<=nA. the above — and the above, while leaning the nozzle train of an imagination linear recording head modul 
to theta=Sin -1 (Ps/Po) and arranging it to the main scanning direction used as a recording head and the relative- 
displacement direction of a record form Two or more these linear recording head modules have been arranged at 
intervals of ns in the direction perpendicular to the aforementioned main scanning direction. 

[0015] In addition, in the recording head of one of the above, the aforementioned nozzle pitch Po is preferably set to 
Po=Ps/Po{(k2+1 )Ph2}1/2. However, k is the natural number and Ph is the predetermined value of the record dot 
pitch to main scanning direction. 

[0016] Furthermore, when the record dot density to a record form is Pr, it is good to set the module width of face t 
of the aforementioned recording head and angle-of-inclination theta as the value decided as Ps=Pr, to arrange more 
than one at intervals of nPr in the direction perpendicular to the aforementioned main scanning direction, and to 
consider as the shape of a line. 
[0017] 

[Embodiments of the Invention] Hereafter, an example of this invention is explained, referring to a drawing. 
[0018] Drawing 1 is the perspective diagram of the ink-jet recording head by this invention, and is drawing which 
turn d up the field which counters record space and is arranged, and carried out the tropia. 

[0019] This recording head is equipped with the frame 2 which puts in order and holds two or more linear recording 
head module 1 and two or more of these recording head modules 1 by the position relation, two or more linear 
recording head modules 1 — respectively — the same structure — it is — n nozzles — it has the nozzle train 100 
which has arranged the hole to the seriate in the nozzle pitch Po 

[0020] the elements on larger scale for three trains of the linear recording head module 1 with which drawing.2, has 
b n arranged at the frame 2 — it is — a nozzle — a hole — it is the plan seen from the arrangement side 
[0021] the linear recording head module 1 — a nozzle — it consists of n nozzle cells 150 which use a hole 10 as 
opening this nozzle cell 150 — a nozzle — it has the ink pressurized room 20 which uses a hole 10 as an opening 
dg , the ink incurrent pore 30 which leads ink to this ink pressurized room 20, and the manifold 40 which supplies 
ink to this ink incurrent pore 30 Moreover, driver elements (not shown), such as a piezoelectric device to which the 
volume of the ink pressurized room 20 is changed according to impression of a record signal, are attached in the ink 
pressurized room 20. In addition, each component is arranged and constituted in three dimensions to the 
perpendicular direction of a drawing. Moreover, the structure of each nozzle cell is the same. 
[0022] The operation of each nozzle cell is as follows. 

[0023] for example, the time of record — a nozzle — when carrying out the regurgitation of the ink from hole 10a, 
the volum of ink pr ssurized-room 20a is mad to incr as by the driver element which is not illustrat d first 
Thereby, the ink in manifold 40a suppli d along with Arrow A flows into ink pressurized-room 20a through ink 
incurrent pore 30a. Then, the volume of ink pressurized-room 20a d creas s by the driver lem nt. ther by — th 
ink in ink pressuriz d-room 20a — a nozzle — a h I — 10a — going — th direction of Arrow B — flowing — a 
nozzl — ink is breathed out from hol 10a ** arrival of this regurgitation ink will be carri d out n a r c rd form in 
the process r latively scann d t a r cord form in a r cording h ad, and it will form a r cord pictur . 
[0024] Drawing 3 is explanatory drawing which is attach d to th size of the lin ar rec rding head modul of a 
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recording head and arrangement by this inv ntion, and is shown. 

[0025] tii linear r cording head modul 1 — width of face — t — it is — n nozzl s (they are six pi ces when it is 
drawing 3 ) — the hole 10 is arranged in Pitch Po And width of face t is s t up as follows. In addition, explanation of 
derivation of this formula is mentioned lat r. 
[0026] 
[Equation 1] 

(n-l)— <t£nA 
A=^-\/ Po 2 -Ps 2 

Furthermore, the nozzle train array direction leans only an angle theta to main scanning direction, and this linear 
recording head module 1 is arranged. This angle of inclination is theta=Sin -1 (Ps/Po). Here, Ps is the pitch 
(r solution) of the scanning line printed by one horizontal scanning of a recording head. Moreover, the linear 
recording head module 1 which leans in this way and is arranged is put in order at intervals of nPs in N pieces and 
th direction of vertical scanning. 

[0027] according to this invention recording head mentioned above — each nozzle — the scanning line of Pitch Ps 
is r cordable in the regurgitation ink from a hole The recording width is about Nx (nxPs), and can realize y **** and 
a Jong, recording head, to increase the number. N of arrays of the linear recording head module 1. Thus, in this, 
recording head, since a long recording head can be constituted from a good small linear recording head module of 
the manufacture yield with a comparatively small nozzle cell, it is realizable with the yield sufficient on the whole. 
[0028] Drawing 4 compares and shows a recording head conventionally which was constituted by putting the linear 
r cording head module 1 in order by the conventional method in order to enable record of the scanning pitch Ps as 
well as the recording head by this invention, and this. In addition, all of the size of the head of the conventional Lilia 
r cording head module 1 and the linear recording head module 1 of this invention, the property of the ink 
r gurgitation, etc. are the same. 

[0029] In drawing, the recording head sub module S put in order while shifting the recording head module 1 to main 
scanning direction at four pieces and main scanning direction, in order to realize the scanning pitch Ps is 
conventionally composed of the recording head by composition, and the nozzle to the longitudinal direction of a 
r cording head — the structure which detached the recording head sub module S crosswise [ of a recording head ] 
(main scanning direction) more than the width of face of a recording head sub module, and has arranged it by turns 
alt rnately crosswise in order to realize the continuity of a hole — becoming — **** — the nozzle of main 
scanning direction — the array width of face Lj of a hole is large 

[0030] on the other hand, the recording head by the composition of this invention — setting — the nozzle of main 
scanning direction — the array width of face Lh of a hole — the former — the nozzle of the main scanning direction 
of the recording head of composition — the array width of face Lj of a hole — narrow — a maximum of — it can be 
shortened to about about 1/2 

[0031] Here, the derivation method of the upper limit of the width of face t of the recording head module 1 and a 
minimum is explained. 

[0032] First, in drawing 3 . since a triangle A and a triangle B are right triangles of the similarity which has an acut 
angle theta, it becomes t1-/T1=y/Po. Therefore, it becomes T1=t1xPo/y (formula 1). On the other hand, since a 
triangle B is similarity, the right triangle C which has an acute angle theta serves as t2-/T2=y/Po. and T2=t2xPo/y 
(formula 2) is calculated. 

[0033] the nozzle which is in a nomotopic in the direction of vertical scanning of the adjoining recording head 
module 1 here — if the distance between holes is nPs and this distance is smaller than T1+T2 of drawing 3 , since 
each recording head module will adjoin and will be arranged, it is set to T1+T2 <=nPs (formula 3) moreover — and 
(formula 1) (formula 2) since it becomes T1+T2=(t1+t2) xPo/y=txPo/y, if this is introduced into (a formula 3), 
txPo/y<=nPs (formula 4) will be calculated 

[0034] Therefore, t becomes as follows. In addition, it is y=(Po2-Ps2) 1/2. 

[0035] 

[Equation 2] 

tgn— y = n— VPo 2 - Ps 2 
Po Po 

on the other hand, it is shown in drawing 4 — as — the conventional composition — setting — the recording head 
sub modul S — th nozzl of th recording head module 1 — a hole — to th distance Po of a b tween, the 
Po/Ps individual array is carried out so that it may b come the scanning pitch Ps Mor over, if distance with another 
recording head sub modul S by which contiguity arrang ment is carri d ut alternat ly is s t to t for conveni nc , 
full [ of the r cording head of composition / Lj ] will s rv as 2xPo/Psxt (formula 5) conv ntionally. 
[0036] On the other hand, in th recording head of this inv ntion, full [ th / Lh ] is 1 (Po(n-1)2-Ps2)/2. Since th 
composition of this invention becom s advantageous when full [ this / Lj ] is larg r than full [ of the r c rding h ad 
of the composition of this inv ntion / Lh ], it is set to 2xPo/Psxt>(n-1) (Po2-Ps2) 1/2, and, finally b comes as 
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follows. 
[0037] * 
[Equation 3] 

• n - 1 Ps I—} — ~r 

t > VPo -Ps 

2 Po 

And the upper limit and minimum of width of face t of the recording head module 1 consist of [several 2] and 
[several 3] as follows. 
[0038] 
[Equation 4] 

2 Pb Po 



(n-l)y<tSnA fcfc&o 

That is, by t=nA, this rate of shortening serves as the maximum, and serves as Lh=Lj in t=(n-1) A/2. 
[0039] In addition, it is a book, even if it is at the time of l= 0, although distance I between the recording head 
modules S which aa_join between the recording head sub modules S was made equal to the width of face t of the 
h ad module 1 in above-mentioned explanation. 

[0040] thus — according to the recording head of this invention — the nozzle to main scanning direction — the 
array width of face of a hole can realize a narrow recording head, and can mitigate the problem of the landing 
position variation of the ink drop accompanying speed change of horizontal scanning moreover — application to the 
printer of especially a serial scan type — a nozzle — since it becomes unnecessary to scan only the decrement of 
the array width of face of a hole too many, improvement in substantial recording rate is possible 
[0041] in order to make explanatory drawing intelligible in the above example — the nozzle of a recording head 
module — as for this value, the ratio of six pieces, and Po and Ps does not limit this invention, although the hole 
described the case where it was 4:1 

[0042] drawing 5 — for example, the nozzle of the recording head module 1 — a hole — n — 64 pieces — it is — a 
nozzle — a hole — about 9.594 degrees theta is leaned for the recording head module which is 5mm, and pitch 
Po=6 / 300 inches, and thickness t are the examples which put two or more these recording head mho joules 1 in 
ord r. and can record a horizontal-scanning line by Ps=1 / 300 inches That is, although record of 300dpi is possible 
and it can be used also as an object for serial scan type printers by one horizontal scanning, when the record dot 
density Pr to a record form is 300dpi, it becomes suitable as a recording head for high speed line printers with 
constituting the long line recording head of record form width of face. 

[0043] moreover, a nozzle — a hole — when recording on main scanning direction by the record dot density of 
300dpi by carrying out Pitch Po as the following formula, in case a dot is arranged and recorded in the direction of 
v rtical scanning, the drive timing of the nozzle cell 150 shown in drawing 2 can be arranged, and it is also possible 
to simplify a drive timing circuit In addition, it is the value k is decided here and it is decided with the predetermined 
value of the record dot pitch to main scanning direction that the natural number and Ph will be, and, in the case of 
k= 6, Ph=1 / 300 inches, sets up at about 0.515mm. 
[0044] 
[Equation 5] 



Po = V(k 2 +l)Ph : 



Although drawing 6 is using the same recording head module as drawing 5 , it is the example of the recording head 
the scanning pitch Ps was made to correspond to 2/300 by leaning inclination theta of a recording head module to 
19.47 degrees. By using this recording head and constituting the serial printer of 300dpi, printing by interlace 
scanning is attained and it becomes possible to attain improvement in quality of image. 

[0045] That is, in performing interlace scanning which set up the scanning pitch Ps by m times the record dot 

d nsity Pr, it becomes possible by making inclination theta of a recording head module into theta=Sin -1 (mPr/Po). 

However, m is the two or more natural numbers. 

[0046] Drawing 7 and drawing 8 show other exampl s f the recording h ad of this invention. 

[0047] the nozzle train 110 — th xample of drawing 1 and drawing 2 — like — each recording head module 1 — 
every module — p rfect — not s parating — for exampl . th long orifice 210 of on she t — a nozzl — th hoi 
11 and the nozzle train 110 are formed Furthermor , package formation also of the ink pr ssuriz d room 120 r th 
manifold 140 is carried out n t by the configuration of module but by the laminating of a long board by which 
patterning was carried out, and this long laminate 220 is stuck on th orific plat 210 bottom. On th oth r hand, 
the driv r I ment which changes the volum of th ink pressurized room 120 according to a r cord signal is 
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constitut d as a driver-element module 300 every nozzle train 1 10, and is put in order and stuck on the long 
laminate 220. * 

[0048] although the yield will b come bad esp cially if this xampl constitutes a driver- lement module in a long 
picture — a nozzle — a hole tc. is suitabl for them, when ther is no problem in a manufacture top, especially the 
yield, even if it forms other function parts in a long picture 

[0049] mor over — a high-definition r cord sak — a nozzle — although the array precisi n of a hole is r quir d — 
this exampl — on board — tching, press punching or laser beam machining, el ctro foaming, etc. — highly 
pr cise — a nozzle — it may be more advantageous than the composition which includes the recording head 
module 1 mentioned above in a frame at the point which can form a hole on manufacture 

[0050] In addition, in the example of drawing 7 and drawing 8 , although only the driver element was made into the 
configuration of module, if it does not stop at this driver element but creates to a long picture among the 
components of a recording head, the yield is carrying out the configuration of module only of the component which 
b comes bad, and carrying out package composition of others, and can manufacture a recording head good without 
the yield. 

[0051] In the above example, when the modularization of any of the nozzle components they are was carried out, it 
attached and stated. The recording head of drawing 9 and drawing 10 explained below shows an example in case 
there are no worries about the yield, when a nozzle component can be created with the sufficient yield by the long 
picture, namely, even if it does not consider as the configuration of module. 

[0052] the nozzle which is a nozzle component — the laminating of the long laminate 220 in which the orifice plate 
210, the ink pressurized room 120. and manifold 140 of the long picture which has arranged the hole were formed, 
and the long driver-element accumulation board 310 is carried out, and a long recording head is constituted 
[0053] the composition of this example — the above-mentioned composition — ** — if it checks — ri nozzles — 
the nozzle cell 150 which uses a hole 11 as opening can find out the linear recording head module 400 of the 
imagination arranged in the nozzle pitch Po at the seriate To this virtual linear recording head module 400, the width 
of face t of the linear recording head module stated in the precedent, and by inclining and applying theta and two or 
mor configuration methods to a longitudinal direction, it is possible to press down narrowly the nozzle configuration 
width of face to main scanning direction, and the technical problem of this invention can be attained. 
[0054] Although the above explanation described the case where nozzle **** of a linear recording head module was 
formed on the straight line at the single tier, if it may be arranged in predetermined width of face along with the 
straight line at the seriate for the recording characteristic improvement the improvement on manufacture, etc., it is 
possible to attain the technical problem of this invention. 

[0055] Moreover, in each above-mentioned example, although explained using an ink-jet recording method as a 
recording method, it does not remain in an ink-jet recording method, but can apply also to the recording head of 
other recording methods which put in order and record many record cells, such as thermal recording and a wire dot 
recording method. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The perspective diagram of the ink-jet recording head used as an example of this invention. 
[Dr^wjngjQ The important section enlarged view of the recording head of drawing 1. 

[Drawing 3] The conceptual diagram for explaining the size of the recording head of this invention, and arrangement. 
[Drawing 4] The composition comparison view of the recording head of this invention, and the conventional 
r cording head. 

[Drawing 5] The block diagram of the recording head used as other examples of this invention. 

[Drawing 6] The block diagram of the recording head used as other examples of this invention. 

[Drawing 7] The perspective diagram of the ink-jet recording head . used as : other, examples of this, invention. 

[Drawing 8 ] The important section enlarged view of the recording head of drawing 7 . 

[Drawing 9] The perspective diagram of the ink-jet recording head used as other examples of this invention. 
[Drawing 10] The important section enlarged view of the recording head of drawing 9 . 
[Description of Notations] 

1 — a linear recording head module and 2 — a frame, and 10, 10a and 11 — a nozzle — a hole and 20 — an ink 
pressurized room and 30 — an ink incurrent pore and 40,140 — a manifold and 100 — a nozzle train and 110 — an 
orifice — a hole and 120 — for a nozzle cell and 210, as for a long laminate and 300, an orifice plate and 220 are 
[ an ink pressurized room and 130 / an ink incurrent pore and 150 / a driver-element module and 310 ] driver- 
I ment accumulation boards Moreover, A and B show the direction of an ink style. 
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DRAWINGS 



[Drawing 1] 




[Drawing 3] 
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[Drawing 7] 
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(54) mWOZm ^>^iyMeSAyH 



(57) ism 

mm] *»Mf4, ^^*fpj-^yx/u?L^j*sco 

19 SrJfS ;tfcfiRIE»^s/ KS:«5S#B* 9 ft < M 

-TIEft^y K^^a— t Sr. (n-1) A/2 

X;^j^±tS*[6]|:itLte =S i n _1 (P s/Po) 

ftl-M^TgE^-r^o fc*TU A=Ps/Po (Po 2 - 
Ps 2) V2 t +z o 




1 

ffifiBU ^TfE0— y K*5>a— /ucoig t £(n - 1) A/ 
*5±***Wfc»UTe = S i n-'iPs/PolCWt 

xffiei-6£*[-s- rcoy^riE^^ k*^»— 

U ntte«Stt, A=Ps/Po (Po 2 -Ps 2 ) 1/2 1 

tmxm^ &m&-rz>^=~*si< Ki y 

X/Mr/P& y X/Ut:° y 7- Po-e^WK n figs© u r. o 
LTlftRflfiEBU fB»^3K±JC^tf!X^P S (D*^ 

-l)A/2<t^nAH, ^oSfrlEffiffiWfty =T 
Eft^y K^e^a— /wy X/u^JSrE*^* K£E»J8 
tt^«^«l*r^^*-5±3feaE*roJJ-*rbT0 = S i n 
_1 (Ps/Po) Jdfl»*TBBS-r S r CO y^TIEft 

n Ps-e*»flE«"*-5r. *r«*i:i--5>f >^ ^ y 

hEft^y h% flU nligM^ A=Ps/Po (P 
Q 2_p s 2) 1/2^^ 

[SS*5 3] f»*®l £fcf*2ElBcO>f y^^xy hfE 
ft^y Kf-*3i^X, 

tE/X/ue^/f Po^Po = Ps/Po( (k 2 +l) 

[f»**4] 9l*3«l*fett2!5«c^^^^;^ccs/ ME 
E«fl!«~<0E«Ky hffifi^sPrOB*, USEES'^ 
6«:RSl, «ffi±*3S*r»l^MftJErmJwlBIHnP 

[0 0 0 1] 

[fi*±£>?i]ffi#»] **«tt-f hsa»^@ 

5> hBl^y KfcBW*. 
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2 

[0 0 0 2] 

«*«*«cj:5ig«»|$i»t5/yr^*3iE 

M****** bmmmmy^ mgammtR (sirm 
mmt^^o) <Dmffi*fa m^^) t&x-tzmjj 

(=fe*36*[pj) LXffl»<a±*£»a>&**— fr 
#<Ofif:RIIi««:E»U ^:^«Bl3fe3£*fnj^iS««S:0f 

10 J: 9, HHfeSrEfiWS. 

[0 0 0 3] :oj:5 4S/ll7/^$i>f^^xyh 
E^Bfc:^XE»iSfi&±*f SfcfcKtt, |E«^s/ 
Kfl>£*3fr- HSfc «9 J;:E»X># 5»ttE»<o£jfe2t*| 
o»*»^#*asa>!K r^/c^te^o/X^TL 
Sr^tfyXyu^/uSrjfiHlUfcfiRfiEft^y KdSftfflStt 

5o 

[0 0 0 4] Mf^. ffiiStfM >f y hE»l£B<£« 

20 ^Eft^sx K*stt*>ttS Q 

[0 0 0 5] r<7)J: K^St5*fe 

[0 0 0 6] *r-Cft^E»^jx KSrIlt5*ft 

30 /^t-<tE^b^5*fe/5^5o 

RlEft^y Ktt, «ttf1#^¥0 3-5 9 9 2-%-&m~ 

[00 0 7] 

[«WdS»»:U<t 5 ^i-5HJ§] «r«&ut«R^E»^. 
y K^*^a-/u*1S»afe-<x»^.-&to^:S*rjfe«:. » 

[0 0 0 8] 0 4Oft*«* OfeE) 

Xtts E«^y K^BI^ac*|6]^yX/u7L^*jttttS: 
40 5 fcfc. Eft^y K5 1 0<7)iH*rpJ^E«^y K 

l trWkEn Lfct^Eft^y K^e^^-/u 
S^r 1 ^/u-Xct L. ^^t^^(Oi|gJ^±^@flLX = F^ 

^Sfa*-iBB-r5*a;dsjRffl*ttx^-5, ^^^E>/u. fa 
y x/u e > ^ ^ [^^, s> 5 1 Mi*H«T 

50 [0 0 0 9] U^L*dS?>. wOcfc 5ft*^E«k^y K 



3 

^^^-/uSO^PS^^IS^i-Cfi. Eft^jy K5 1 0(7) 
±i£3&*fa<n$S (Lj) &mm-k**<tebgZ&'& 
1\ Oak^^ft^y X/uft(D^njr|iit>/£< * 

^r6]^SB^J*i (Lj) ^^<^otMIffl^yx 
^7L<BK3nJMI»fc*# < testis IE» Ksx htf>#Jfiffi 

[00 10] Jbizli U^cV X/uft<aE^Ji|B<z>j!£^lB 

[001 l ] -*-#;b*>, y 7;v$Sf>f -/ h 

X/u?LoBS^JiHds*:#t>IE»^ y K-efE»Jffi*B 

[0012] **Wttf£Sw«±*> J: 5 *raH^*»* 
[0 0 13] 

PoT^WKBBBU C<7?y X/u^iJ^ii[^^fpi(7)i|g^ t 

oy -ties— > ^^^-/^ipjsati, tzmm 

/K^B t £ ( n - 1 ) AX 2<t^nA^U ^offiffB V 

*flMROffi»»»*fR] £ ^5±MM^Ut 6 = S 
i n"MPs/Po)i;ifflttTKBi-6£*K, r£>y^T 

BI8nPsf«ftiEBUfc, wCT\ nf£g$* 

A=Ps/Po (Po 2 -Ps 2 ) 1/2 T-£>£ 0 
[0 0 14] fcSlMi, ±fE»H*:»fti-6fc«). 

6 / X/Mz^£ / X/u tr y ^ P oT^Jt^Jd n filSSB L . 
-coy X;ut;^J!:iSS«i!; -TiSS^ix K^S^a — 

*3£»fcK«-ra'f ^$^2/ HS»^2x KJr^^T. 
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- 1 ) A/ 2<t^nAtU J&*Oi!9|2<gffiW* x ) =>T 
t Lt 0 = S i n 

ns-e**«B«Ufc. 

[0 0 15] ft*5, iiSl^-fn^^ISft^y KI^*3V^ 

#*U<fi. StEyX;i/fyfPo*Po = Ps/ 
Po{ (k 2 +l) Ph 2 l 1/2 i:t5 0 fflU k«tS«S». 

io p h «*jfeac*iPi^coiB« k h tr y ^<r>mmux*> 

[0 0 16] JEd, IE»ffi3R— WfEftKy hftS^Pr 
OBf. MIEIEft^s/ Ktf>^>^— /MB t RXfiMZfi d £ 
Ps=PriLt**6»:R«U SttS£*2fcfrlPji:» 
fitjfcfclRl KUHMI n Pr-C*»WB UT7>T^«tti-S 

[0017] 

20 [0018] Bill *»WI-J:S-f hfE^ 
[0 0 19] *E»— s/ Ktt, *M©y=rEft^jx 

r^mf-BeuybyX/^ji oo^t^x^5 0 

[0 0 2 0] H2tt, W&2\zMW£frtL}) ^TfE»-N 
30 3/ K^^ol—zh 0O3^J5>^Sl5^il£>cig-Cfol9, y X/u 

[0021] y ^rta^— 3/ k*5^3.— /n f*. yx/u 

7L1 O^r^P ^i~6n^coy Xyu-t/Ul 5 0J:!)^6 o 
:<DyX/Pt;H5 0ll yX/uTLi 0 4:MqilSi:i-5 
>fy^iii]El2o, cco-r ^^apje^2 o{--f v^^^ 

2 0 I Cite. *f APJE^ 2 0 OftaSrSEftfS-^^SliP^ 

y Xyu-fe/KD#|ittel53-"Cfe6 0 
[0 0 2 2] #y Xyuir/uoffijitte&coii «9 X~3bZ> 0 
[0 0 2 3] Mortis IB»^F, y X/U7L 10a > 

T. ^y^ffil2 0a(Of*:S^D$^ o m*-«t 
9, ^Al:^ot«^nfc-7^*-;U K4 0 a *<7) 

50 2 0 a^i»>f6 fl dftKJ: *)-f >*1)UlEm2 0 
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[0024] 0 3fi*5IW(wj:-6iE®— ^ Koy ~rfa 

[0 0 2 5] V 5/ K*^a.— MtttBAS t T- 

nfli da3oo#^li6fli) <D / X/HL 1 0 & fc° ;y 10 

[0 0 2 6] 

[&1] 



(n-l)y<t^nA 



IS L 



20 



Ml-, r^!i-7E»^^ K^v^a-zUll y X/U Jij 
ttt^So -CO^S^ftfL 0=Sin" 1 (Ps/Po)T*fc 

ciffi r ia© £ *v r ^ 6 y ~ r ffi*^ ^k^^-^i 

[0 0 2 7] ±3fiUfc*«WIE»^s/ KlCfctLtf. 

dSfEft^Jffi-Cfe^o -t^lEftBttx Uf?Nx( n xp s ) 30 
-Cfct), y =T!B»^s/ K^rv^-zH ^BB^J»N*«! 

*K*^y Kte*5i^-Cfi, Jfctfctoy X/M?/uo 

**** asig*e*9^avvj^y -risa— 5/ k^^ 

[0 0 2 8] 0 4(4, #38911;: J: SERBS' wtt 
[0 0 2 9] B^*3t^T, «§**«{Cj:-5iEft— y K"C 



[0 0 3 0] C;ft,K:*j-U #«M^»fie^J:SIE«^y 
KKl*5^Tfi. *jfe3K*l6]^y Xyu?LOiB^Ji|BL htt. 

Lj£*m<. *^ri»i/2Sffi*-e»|fiprffi-e*>s 0 
[0031] r. is^^ry K^^- /n (Dm t 

[0 0 3 2] *i\ O3(r^ol/>T. E^^A^H^^B 
/T^y/Poi^^, <toT. Tpt^Po/y 

(*i) tfz&o ifle^ttaiflHft^ct) 

H^^B^^®-e$>5^jb. t 2 /T 2 =y/Poi:^ 
9* T2=t 2 XPo/y 0*2) j&s#«>e>jh,5o 

[0033] mm-tztzm^v k^v^-zh 
oiij^s^^j-^^-ci^ficgicifosy x/uaco reseat 

finPs-C*>«5x ^^Bg(KdS03^T 1 H-T 2 ct «9 t>/h* 

t/>£>:i£ £&<5<£>T% T 1 +T 2 ^nPs (* 3 ) 
5 0 *fc. 0*1) &t>* K2) T 1 +T 2 = (t 

!+t 2 ) XPo/y=tXPo/yi:45^ £jft,S: 
0*3) (3At6<!:, tXPo/y^nPs 0*4) 

[0 0 3 4] iot, t teTIEcoii^ £ft£ e y 
= (Po 2 -P s 2 ) 
[0 0 3 5] 

[»2] ' 

t < n — y = n — VPo 2 - Ps 2 
Po Po 

^TLMcoKEdtP o^*fUT. jfeSt'yf P s ^ft5J;5 
fCPo/P sWM^t^S. =P*««wBagffi 

^®t±t k-rz>k, 8§««ric^E«-^s/ K(0^«L j 
(42XPo/PsXt (*5) t*5 0 

[0 0 3 6] lilf^t, #*M<0|E«— sy KM:}3V> 
X, ^^Lhli (n-1) (Po 2 -Ps 2 ) 1/2*0.., 

CO^«L j dS#38^<0»fi8:eDfE»^^ KW^ffl 
L h J: «9 i^»fr^*«W«)»«**sp]i: tt-5*» 
2xPo/ / PsXt> (n-l) (Po 2 -Ps 2 ) 

[0 0 3 7] 
[S3] 

n-l Ps 



t > 



2 Po 



VPo 2 -Ps 2 



7 

[0 0 3 8] 

[»4] 

^^VPo'-Ps* < t < n-^VPo^Ps 2 
2 Po Po 



(n-l)-<t^nA fc&*<> 
2 

t = nAt':W»imt/^, t = 
(n-1) A/ 2^*31^ L h =Lj<t&6 0 

[0 0 4 0] c<7)J:5Jw*3SW<oiB»^s/ K*wJ:ixtf. 

[0041] £Ji±o^jr-«. k^b*^^^-*-**: 

«>KE»^s/"K^s^— /i^y X^HO*6fi, Po£ Ps 
(7) it ^4 : 1 T*&5^{-o^Ti£-</c^ COffifi^: 

[0 0 4 2] H5I1, MitfER^y^^-/HC 
y X/HFLn 6 4fi-T?#> 9 . y X/UJL t° y 7 P o = 6/3 

0Sr#&9. 5 9 4° fflll w<&E»^:y K^E- — — 
i*r**fiat^<fc«-e*>9, Ps=i/3 0 0^yft*± 

^Ltiffiltt^^ EflMHft^ttEft hSfeSP 
3 0 Odpi^WtUfi* ffi»ffl«J6tf>fiR7-f VE»^ 

[0 0 4-3]^t y X/Ufte^Po£TE5£tf>ii9 
ir-r^C^f-i: $*j£#fafc3 0 0dpitf>E»Ky 
h*«-(?E«W<5»#. MjfefcfrflfcK* h*»;tTE 
ft-r-SIS, HI 2 C/Tf/ X/Hr;u 1 5 0 (^il^^f ^ y 

5cit?ri8"e*s B ~--c\ ktt§«s», Ph 

k = 6, P h= 1/3 0 0 4 >^<nm^\^\^ 
0. 5 1 5mmCKt5 0 
[0 0 4 4] 
[1*5] 
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8 

Po = V(k 2 +l)Ph 2 

E^^K^^-z^I^fl^lS. 4 7° CHH 
tt£££U:<fc!K *attfi/^Ps^2/3 0 OlZttfc-f 

ffifflir, 3 o odpicov'iJ r/^y y^«ts: 

10 [0 0 4 5] "T#:btK t^y^PsSrEft h«B 
f*. E«^y K^e^a— 0 *■ 0 =Sin _1 (m Pr/ 

[0 0 4 6] 0 7. 0 8tt*»M^Eft^2X K<Ott©« 

[0 0 4 7] y X/i^j noil hi, HI 2 <£>M<0 <fc 5 

S'Mio^f, &1?L&-&R<D-&:<D*}) 7 J * 2 1 OK 

6 0 JEt-x -fy^Mil 2 0^^^-/UKl4 0'b 
/u«fifc-mfc< , '«*-=^£;ft,^R<D;B 
"C— ««J« £*U r CD^RSgtg 2 2 0^ty7 

^adee^i 2 o<»mk*u»mtti&txm7Lz>wmm 

■T-tt, yX;^Jl 1 Ofei-l^ib^T-^^^— /i- 3 0 0 <t 

[0 0 4 8] *««t, mmm^^^^-^^K^m^ 

[0 0 4 9] 4 fc, ^®^E^O/ci6{cji/ X/u?LcogS 
* ho^^-^v^-ciS*SSfwyX/u?L^j*m*5 

[0 0 5 0] ft*5, H7,irBl8«Wr*5l^"Ctt, I£®J#il 

[0 0 5 1 ] H±O«-0tt. 7 X/H»jftS*0D 5 *>^M 

l^lfePJi-^0 9. HlOWfEft^Ktt, /X/uMI 
***Rr-*B*!9a<fP^a*-5»'fr. r*te*>*^ 

so ^r^-r^^r-^^o 



9 

[0052] sx^mfg.mmx-ibzsx/i'iL&mwistc 

=-i£->\> K 1 4 0 Lfc^XSJIffi 2 2 0, ^LT 

SR^igib#T-^ffi3 1 0£$U1LT. SRIE^^/ 

/H 5 O^VX^t'^^PoT^J^^SSg^ttfc^O 
y -TIES*—;/ K^v^-/U4 0 0^^aii-w<Jr^tii3fe 
60 r(7)fii^7fE^^ K : ev ? a-;U4 0 0 

[0 0 5 4] £X±<DmWXte, V ^Ttzm^v K^r^ 

[0055] ±a<o*«-efi. fE«*s:^ it^r 

[0 0 5 6] 
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[01] *¥£W<D--mbftZ>'(>'*Z?=.v hlEft-y 
[1^2] 0l<OSE«^y K<0«»ifc*B o 

10 tz.VXDWi'&Mo 

[0 4] *38WofE«^y K^i**cDE«^y Ktf>» 
/&tfci&0o 

[13 5] *38M^ffi<oWi:*-5IEft^s/ K<DflIriiB. 
[0 6] *aW^ffiO«t)iS1Eft— y K*>#/*B. 
[0 7] ^W^ffioWiftS^r^^s/ hfE^-> 

[0 8] 0 7OfE«^s/ KoMMMcBo 

[0 9] *»M^ffi«>«t<CS>f h1E»— 

20 [010] 09 <E>iE»^ y K0>geM£*:0o 
[»*©BB] 

l»y=rEB^s/ /K 2*i*Mfr. 10. 1 

0 a. 1 lliyX/uTL 2 Ote^V^PJEil. 3 0 te-f 
^SEATL 4 0, 1 4 0(iv-^-;uh\ 10 0(1; 

x/i^k i loii^-yy^^^ i 2 oj±>r ^?mm 

1 3 Ote'C ^PtftAK. 15 0liyX;ut;u, 2 1 



[01] 



[02] 



(8) 



2001-47622 



lm7] [08] 




310 



7ny h-i— -^(DjgEt 



a2) # fpffi 

&:®MO-fc*>#^m«ffll060#ife B&I 
(72)3BW#-JRSffl If 

^4*mt>fc*>^*»mstfflio6o#jtfi 041 



(72)*W# Uiffl «t- 

3^»T>fc*>#a"ffi3SH1060#ifc 041 

<72)J69J# IBS «W 

3?*6Jftt>fc*>4:^ffT«;EBi06oSi6 B4l 

(72)^?^# BTffl ?& 

3?4fi»t>fc*>/j:*»TfTaffll06O#flS 041 

Ff— 2C057 AF30 AF38 AC14 AG16 AN01 

AN05 AP73 BA03 



